ABSTRACT There is growing awareness of the need for advance care planning in patients with chronic obstructive pulmonary disease (COPD). However, do-not-resuscitate (DNR) order implementation remains a challenge in clinical practice.
Introduction
Chronic obstructive pulmonary disease (COPD) is a progressive and incurable lung disease, with cigarette smoking as its most important causative factor [1] . It is characterised by chronic airflow limitation and gradual destruction of normal lung tissue, which is associated with increasing symptom load, emotional distress and social isolation. For many patients, maximal treatment only leads to modest and incomplete symptom relief, leaving them with significantly reduced quality of life [2] .
The disease trajectory is often unpredictable, as its slow functional decline can be complicated by sudden and potentially life-threatening exacerbations [3] , resulting in accelerated disease progression and unexpected mortality. When compared to cancer, patients with end-stage COPD tend to experience morbidity for a longer period of time. Moreover, they are more likely to be hospitalised and transferred to the intensive care unit (ICU) and are less likely to realise that death is imminent [4, 5] . Nonetheless, suffering from a nonmalignant disease, they receive considerably less palliative and end-of-life (EOL) care [4] .
Fortunately, awareness of the need for advance care planning is growing. However, much of our experience is derived from the needs of patients with cancer, and its applicability is often questioned. The importance of open discussions between patients and healthcare professionals as the EOL approaches is heavily emphasised [6] . An essential feature is discussing do-not-resuscitate (DNR) order preferences, such as the desire to undergo low-or high-burden interventions to sustain life. It is critical to discuss these preferences proactively and to have a DNR order implemented before the patient deteriorates to a critical level, which in COPD is not straightforward [7] . The clinical course of cancer is often associated with a first period of progressive dependency on caretakers, followed by EOL care, whereas in COPD, patients' care needs may fluctuate repeatedly from minor to major for several years as health deteriorates with exacerbations, but may improve with rehabilitation and medical or surgical intervention. As a result, COPD becomes as much as a way of life as an illness. Exacerbations may not be experienced as advancing disease, but rather as temporary setbacks, attributed to specific activities, weather changes, environmental factors, faltering self-management or infection. Likewise, recovery from an exacerbation may be misinterpreted as a sign of cure, obscuring the overall decline in health. The sense of what is normal, and the tolerability of health problems and interventions both evolve with the disease [7] .
The unpredictable disease trajectory and the uncertainty of prognosis, as well as the patient's potentially poor understanding of COPD as a life-limiting disease challenge the appropriate and timely implementation of DNR orders [3, 4] . COPD progresses at a highly variable rate, and the outcomes of life-threatening exacerbations are currently determined by last-minute, rushed decisions regarding life support with little information about patients' wishes [8] . The present study aimed to evaluate the time point and potential determinants of DNR order implementation, as well as the impact of DNR order specification on the prognosis in COPD patients.
Methods

Study population and design
The study population was derived from an existing observational cohort (Leuven COPD cohort), comprising patients with a COPD diagnosis at enrolment based on a smoking history of ⩾15 pack-years, age >50 years and a post-bronchodilator forced expiratory volume in 1 s (FEV1)/forced vital capacity ratio <0.7. The study is prospectively investigating clinical, molecular and genetic traits in COPD and lung cancer, and is approved by the UZ-KU Leuven Ethics Committee (ML11081; September 30, 2007). All patients provided informed consent.
Between October 1, 2007 and September 9, 2013, 600 COPD patients without lung cancer at enrolment were prospectively enrolled at the outpatient clinic of the University Hospital Leuven (Leuven, Belgium), a tertiary-care hospital fully equipped for respiratory care. To obtain clinical follow-up data of ⩾2.5 years, all patients enrolled before April 1, 2013 were included in the present retrospective cross-sectional study (n=569). All patients were routinely followed at the outpatient clinic at 0.5-or 1-yearly intervals, interrupted by hospitalisations.
Data collection
Data were collected retrospectively by reviewing the electronic medical records. The patient's DNR order (the specification (table 1), reason and location where it was implemented) was recorded, along with demographic and disease severity characteristics at enrolment. In the electronic records, a DNR module enabled physicians to specify the DNR order by indicating which life-sustaining interventions (e.g. cardiopulmonary resuscitation, intubation and mechanical ventilation) were no longer feasible. The module did not allow noninvasive ventilation (NIV) to be specified separately; however, common practice was to specify NIV preferences in the text box used to comment on the reason for DNR order implementation. This text box permitted the documentation of more than one reason and its completion was not mandatory. Mortality was considered as outcome measure; the date, location and cause of death were recorded for patients who died in the hospital. For patients who died elsewhere, only the date was retrieved from the electronic records, since the location and cause of death marked on the official mortality register in Belgium could not be accessed. The database was completed retrospectively, with data on DNR orders and mortality obtained until October 1, 2015.
Statistical analysis
Statistical analyses were performed using SPSS (version 20; IBM, Armonk, NY, USA). Two-sided p-values <0.05 were considered statistically significant. Parametric data, assessed by Shapiro-Wilk normality test, were compared using one-way ANOVA or Fisher's exact test. p-values were estimated via a Monte Carlo simulation with 5000 replicates. Nonparametric data were analysed by Kruskal-Wallis statistics. A multivariate logistic regression model was fitted, in which all variables were included. Kaplan-Meier curves and Cox regression assessed the influence of DNR order specification (due to small sample size of DNR 3 (n=2), DNR 2 and 3 were combined) on survival in patients with and without a DNR order. The study period ran from the time of DNR order implementation or enrolment (whichever came first), until death or October 1, 2015. Pairwise log rank comparisons and a Bonferroni correction were conducted, with statistical significance accepted at p<0.01. Furthermore, the frequency distribution for mortality was calculated in patients with and without a DNR order on a nonlinear time scale. The following time points were assessed: prior to, within 48 h after and at days 3-10, 11-30 (1 month), 31-90 (3 months), 91-365 (1 year), 366-730 (2 years) and >2 years after the date of DNR order implementation or enrolment. The frequency distributions were compared using Mann-Whitney-Wilcoxon statistics. The risk periods for both groups were expressed graphically as a smoothed curve fitted to the frequency distributions. In addition, cumulative risk was assessed, the distributions of which were compared using the two-sample Kolmogorov-Smirnov test.
Results
Patient characteristics 24 patients were excluded for undergoing lung transplantation, therefore no longer having COPD, and six patients were considered lost to follow-up as their survival status could not be determined. Table 2 summarises the characteristics of the 539 patients used for analysis. 36% (n=194) of the patients had a DNR order, of which 9% (n=17) had the order at baseline, i.e. the moment of enrolment in the observational cohort. At the moment of database completion, an additional 177 patients had received a first DNR order, two of whom had already died at home when the order was implemented (5 and 12 days after death) during revision of the hospital discharge letter. During the follow-up period, modifications were made to 71 DNR orders; once to explicitly confirm the current DNR order, in two cases to withdraw a previous DNR order and to further limit interventions in the remaining 68 cases.
Patients with a DNR order had a median (interquartile range (IQR)) age of 76. Questionnaire (MRCQ) scores (3 (2-4) versus 3 (2-3), p<0.0001), were more likely to be chronically oxygen dependent (28% versus 6%, p<0.0001) and had been more often previously mechanically ventilated (11% versus 3%, p<0.0001). In the subgroup of patients with a DNR order at baseline, these characteristics were even more pronounced.
40% of the patients with a DNR order had a DNR 1b (n=77), with the remaining majority having a less restrictive DNR 1a (n=47, 24%) or a more restrictive DNR 2 (n=46, 24%). A DNR 0 was recorded in 11% (n=22), while only 1% (n=2) had a DNR 3. In the subgroup of patients who had a DNR order at baseline, almost 50% had a DNR 1b (n=8), with the remainder having a less restrictive DNR 1a (n=6, 35%) or DNR 0 (n=3, 18%).
Approximately 70% of the DNR orders were implemented on the hospital ward (n=135), 12% during a consultation visit (n=24), 9% in the emergency room (ER) (n=17) or in the ICU (n=17) and 1% during radiotherapy for cancer (n=1). There was no significant difference between the two subgroups. The median time to first DNR order during follow-up was 945 days (95% CI 386.5-1601.0 days). Poor respiratory status, patient preference and noncurable malignancy as a sole reason or as one of several were recorded as the top three reasons for implementing a first DNR order, applicable in 65% (n=126), 19% (n=37) and 13% (n=25) of the patients, respectively. In 14% (n=28), no reason was recorded. Table 3 provides the full list of reasons and contributing factors.
Determinants of DNR order implementation
A multivariate logistic regression model was fitted to identify independent determinants associated with the implementation of DNR orders (table 4) . There was no effect of demographic variables, apart from a 6% increase in odds of DNR order implementation for every year increase in age. Chronic oxygen dependency and previous mechanical ventilation were associated with a three-fold increased odds, while every percentage increase in FEV1 was associated with a 2% decrease in odds.
Mortality
On October 1, 2015, 243 patients had died, of whom 61% had a DNR order (n=149; eight had a DNR 0 and 141 had limiting life-sustaining interventions). In patients with a DNR order at baseline and those receiving it during follow-up, mortality was significantly higher (82% and 76% versus 27%, p<0.0001), and the median follow 
Data are presented as n. N=194. # : the reason for implementing a first DNR order was recorded in a text box which permitted the documentation of more than one reason, and its completion was not mandatory. without a DNR order. Location and cause of death were significantly different, with 81% of the patients without a DNR order dying outside the hospital; consequently, cause of death was not known primarily.
In patients with a DNR order, death mainly occurred on the hospital ward (n=65, 44%) or in the ICU (n=13, 9%). The leading cause of death was respiratory related. In the subgroup of patients with a DNR order at baseline, these characteristics were even more pronounced. Notably, in the patients receiving a DNR order during follow-up, cancer as a second cause of death and mortality in the palliative care unit accounted for 15% and 10% of deaths, respectively. The median (IQR) time between first DNR order and death was 163.0 (26.0-420.5) days, which was significantly shorter in patients receiving a DNR order during follow-up (118.0 (23.0-364.0) days) compared to patients with a DNR order at baseline (690.5 (255.3-872.5) days).
Efficacy implementation of DNR order
In addition to the time between first DNR order and death, the correlation between the location of DNR order implementation and location of death was further investigated to provide some insight into the efficacy of DNR orders.
Out of the 20 patients who died in the ICU, 13 (65%) had a DNR order, of whom one was implemented in the ER just before ICU admission to withhold cardiopulmonary resuscitation (CPR) and intubation and five were implemented in the ICU in response to the patient's deteriorating condition. The remaining seven DNR orders were implemented on the hospital ward. The seven patients without a DNR all died on mechanical ventilation, although only two were admitted for respiratory reasons (acute exacerbation of COPD or pneumonia).
An additional 12 patients who received a DNR order in the ICU survived their ICU stay, of whom five subsequently died on the hospital ward. Seven patients were successfully discharged home; four of them were treated in the ICU with mechanical ventilation or NIV later in the disease course.
Of the eight patients that died in the ER, five (62.5%) had received a DNR order ⩾1 month previously in the context of advance care planning.
An additional 15 patients who received a DNR order in the ER survived their ER stay. 10 of them were hospitalised on the respiratory ward and were successfully discharged home (two were readmitted rapidly, one died <2 months later in a palliative care unit and one died at home within 1 month).
Survival
The 17 patients with a DNR order at baseline, as well as the two patients having a DNR order implemented after date of death, were excluded from the survival analyses. The Kaplan-Meier survival plot is shown in figure 1 . Patients without a DNR order had a mean survival of 2366.7 (95% CI 2269.0-2464.3) days, whereas patients with a DNR 0, 1a, 1b and 2/3 had a mean survival of 685.0 (95% CI 462.8-907.2) days, 1065.0 (95% CI 681.4-1448.6) days, 381.7 (95% CI 251.9-511.6) days and 343.1 (95% CI 192.3-493.8) days, respectively. All pairwise comparisons revealed a significant difference, apart from the survival distributions for DNR 0 versus DNR 1a ( p=0.470) and DNR 1b versus DNR 2/3 ( p=0.361) (data not shown). The Cox regression analysis showed that DNR 0, 1a, 1b and 2/3 compared to no DNR order were significantly associated with higher mortality risk after adjustment for age, FEV1, MRCQ score, chronic oxygen dependency and previous need for mechanical ventilation (table 5) .
Risk period
The frequency distribution for mortality on a nonlinear time scale was calculated for patients with and without a DNR order (table 6) , and was plotted to provide a graphical representation of the risk period for each population (figure 2). The 17 patients with a DNR order at baseline were excluded from the analyses.
In patients with a DNR order, the frequency distribution was shifted significantly toward earlier time points with a median survival time of 182.0 (95% CI 34.0-510.5) days (versus 1935.0 (95% CI 1290.0-2448.0); p<0.0001). The observed mortality per time point was found to increase up to the first year after DNR order implementation, culminating to 58% mortality 1 year after DNR order implementation. At the moment of database completion, 76% of the patients with a DNR order had died (versus 27%, p<0.0001). At any time point, the observed mortality was higher in patients with a DNR order, apart from the 1.9-fold higher mortality in patients without a DNR order 2 years after enrolment. Significant differences were observed for cumulative mortality.
Discussion
In this study, COPD patients receiving a DNR order were characterised as older patients with more severe lung disease. The main reason for DNR order implementation was "poor respiratory status" and the most frequent DNR order was "no CPR nor intubation, NIV to be considered". While perhaps not surprising, these findings are a reflection of the life-limiting disease that is COPD, in which acute or chronic respiratory failure is often seen as the terminal phase of the disease [9] . It is frequently associated with comorbidities, the most serious and prevalent being cardiovascular disease and malignancy [10] , as we found reflected in the full list of reasons for DNR order implementation. The presence of comorbidities is the strongest predictor of in-hospital mortality and 6-month survival after hospitalisation for an exacerbation [11] . While NIV to treat respiratory failure has been shown to decrease the length of hospitalisation and improve survival, it is well known that intubation may lead to a poorer prognosis [12] . Advance care planning should therefore incorporate a multidisciplinary approach that takes into consideration all of the components of the disease [9] .
70% of the DNR orders were implemented during hospitalisation, compared to only 12% under stable conditions at ambulatory follow-up. Generally, recommendations advise against making EOL decisions during hospitalisation as physical and mental dysfunction may prohibit thoughtful decision-making [13] . Ideally, DNR order preferences should be previously discussed in an outpatient setting, and are to be reviewed and updated upon hospital admission. Its relevance in COPD is reinforced by a recent European audit on exacerbations requiring hospitalisation, revealing their association with 12% mortality and 35% risk of readmission within 3 months after discharge [14] . The discrepancy in timing between our practice and the current recommendations reflects the difficulty of timely and appropriate DNR order implementation in a chronic terminal disease challenged by unpredictable disease trajectory, uncertainty of prognosis and different patients' perspectives. The most commonly reported barriers for EOL care communication by physicians are lack of time, anxiety about taking away hope and the assumption that the patient is not ready to talk about EOL care [15] , whereas patients would rather concentrate on staying alive than talk about death, and have a fear of abandonment by their regular physician at EOL [2, 16] . There is no doubt that all of these reasons contributed to the limited number of EOL discussions during our ambulatory follow-up, and which can certainly be improved. Nevertheless, hospitalisation appears to provide the desired time and setting for both patients and physicians to overcome some of the barriers to discussion of DNR order preferences. Necessity or urgency during hospital admission probably drives both patients and healthcare professionals to EOL decisions. Once implemented, reassessments are performed quite regularly. 37% of DNR orders were modified during follow-up, mainly to adapt them to declining health and functional status. Overall, failure to discuss life-saving interventions or therapeutic restrictions should be avoided, as it results in more patient suffering and therapeutic obstinance [17] . An American Thoracic Society statement endorses offering palliative care to all respiratory disease patients in every stage of disease, based on the needs and preferences of the patients and their families [18] . Advance directives have been shown to be fairly consistent over time, implicating that well-informed decisions about treatment preferences, even early in the course of disease, are valuable [18] .
Patients receiving a DNR order have a high probability of dying, as evidenced by a 77% mortality and a median time-to-death of 163 days after first DNR order implementation. Death occurred mainly in the hospital, and the leading cause was respiratory related. Prognostication in COPD is challenging, due to the unpredictable disease trajectory and highly variable rate of progression. The observation that 27% of patients without a DNR order died during follow-up may reflect these difficulties. In the SUPPORT trial, 14% of patients who were likely to survive for 2 months (75% probability) had a written DNR order, compared to 67% of patients who were unlikely (25% probability) to survive that long. Despite the different setting, these data corroborate our findings that DNR orders are mainly implemented in patient groups with the highest risk of mortality. While prognostic tools, such as the BODE (body mass index, airflow obstruction, dyspnoea, exercise capacity) index, are superior to FEV1 decline alone in predicting all-cause and respiratory-related mortality, they are not developed nor validated for short-term mortality during and immediately after hospital admission [19] . In a multivariate model, we identified age, FEV1, chronic oxygen dependency and previous need for mechanical ventilation as the main determinants for DNR order implementation, which all have been validated as prognostic factors for mortality. Moreover, a more restrictive DNR order was found to be associated with increasing mortality risk, independent of age and disease severity. Pairwise comparisons of the DNR order specifications further highlighted the worse outcome of COPD patients for whom intubation was no longer considered feasible. These data support literature findings suggesting that DNR orders are independent determinants of short-term mortality [20] . In fact, they incorporate multiple estimates on patient characteristics (disease severity, comorbidity, age, …) and physician's clinical experience, but also patient preferences. Furthermore, once appointed, restrictive DNR orders directly impact survival, as some of the lifesaving interventions are declined.
Despite correcting for variables commonly associated with increased risk of mortality, we identified an independent association between DNR order implementation and increased risk of mortality. The exact nature of this association is ambiguous given the strong correlation between the factors: a DNR order will ultimately be implemented due to the impending death of a patient, and likewise, the restrictions in life-sustaining interventions implemented by a DNR order are likely to accelerate death. This is reflected by our data: in the ICU, implementation of a DNR order usually occurred in response to the patient's deteriorating condition, whereas in the ER it was more in line with advance care planning. On the hospital ward and before transfer to the ICU, DNR orders were implemented anticipating a poor outcome, consequently leading to a greater likelihood of mortality in the ICU.
Our study has several limitations. Due to its retrospective nature, data on patient and physician barriers to EOL discussions, as well as readmissions, are lacking. We only addressed patient records of the hospital and were not able to collect information on EOL conversations nor on EOL decisions that were taken in primary care. Finally, as the study is based on a large but single centre experience, our findings cannot be generalised to all other care settings with potentially different organisations and cultures.
Conclusion
While guidelines advise engagement in advance care planning in the early stages of a disease, we conclude that DNR orders in COPD patients are preferentially given to older patients with more severe disease and are usually implemented during hospitalisation (e.g. exacerbations), close to the moment of death. These observations indicate that early EOL care planning in a COPD cohort remains difficult and challenging.
